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(54) Process for the production of electrical energy in an I ntemal reforming high temperature fuel 
cell 

(57) In a process for producing electrical energy in 
an internal reforming high temperature fuel cell, com- 
prising steam reforming of a carbonaceous feed gas in 
the presence of a steam reforming catalyst in heat con- 
ducting relationship with electrochemical reactions in 
the fuel cell; and 

electrocherricafly reac&ig the steam reformed 
feed gas in an anode c ompartmen t of me fuel cell, the 
improvement consists in adding a gaseous sulphur con- 
taining compound to the carbonaceous feed gas in an 
amount sufficient to obtain a sulphur coverage (6) on 
the steam reforming catalyst of between 0.1 to 0.9. 



CO 

in 

8 

h- 

o 

Q. 
LU 



Primed by Ran* Xerox (UK) Business Servtoos 
2.1318/14 



19/06/2006 15:43 



Airbus Deutschland GmbH 4-49 40 74377364 



10/36 



EP07G0 531 A1 

Description 

This invention is cfirected to a method of producing electrical energy in a high temperature toe! cell, and more par- 
ticular, to improvements In the electrochemical conversion of chemical energy contained in a carbonaceous feed gas 
5 into electrical energy in high temperature fuel cells. 

High temperature fuel cells like the solid oxide fuel ceil comprise an electrolyte sandwiched between a cathode and 
an anode. Oxygen reacts with electrons at the cathode to oxygen ions, which are conducted through the ion-conducting 
ceramic electrolyte to the anode according to the reaction: 

w 1/602 + 2e--»0* (1) 

At the anode, oxygen tons combine with hydrogen and carbon monoxide to water and carbon dioxide thereby Iter- 
ating electrons according to the exothermic reactions: 

, 5 H 2 + 0 2 *->Hp + 2e- (2) 

CO + 0 2 -->C02 + 2e- (3) 

The above electrochemical reactions are in conventionally designed solid oxide fuel cells usually performed at tem- 
20 peratures of between 800°C and 1 000*0. 

The high operating temperatures employed in solid oxide fuel cells permit internal reforming of carbonaceous feed 
gas to anode fuel gas. The feed gas is, thereby, combined with steam and/or carbon dioxide and reformed within the 
fuel cell by the following endothermic reactions: 

25 C n H ro + nH20->nCX) + (m/2 + n)H2 (4) 

C n Hm + nC °2 2nCO + (m/ 2 Hg) (5) (5) 

The reforming reactions (4) and (5) may be carried out directly on the anode, which in the known solid oxide fuel 
30 cells are usually made of metallic nickel or ruthenium supported on yttria-stabilized zirconia. 

I n order to enhance reforming of the teed gas, the gas is contacted with a specific steam reforming catalyst includ- 
ing nickel ancTor ruthenium, supported on refractory carrier materials arranged internally within the cell in heat conduct- 
ing relationship with the electrochemical reactions in the cell. Thereby necessary heat for the above endothermic 
reforming reactions is supplied by excess heat from the exothermic electrochemical reactions (2) and (3). 
35 As an advantage of such a fuel celt, the need for external heat exchange is reduced or eliminated and the efficiency 
of the cell and the fuel cell plant increased. 

Internal reforming of carbonaceous feed within a solid oxide fuel cell is. however, problematic- As known in the art 
the steam reforming reactions proceed at a very high rate at the inlet portion of the catalyst or anode resulting in strong 
cooling at the cell inlet or formation of cold spots Hi the cell. 
40 This is detrimental for the cell performance in several ways. A decrease in the cell temperature rapidly increases 
the ohmic resistance of the solid can electrolyte, leacfing to reduced operating can voltage of the eel In addition, mate- 
rial problems related to thermal stress arising from differential temperatures of cell components at local cold spots and 
high temperature gradients in regions of the inlet portion of the ceil reduce the cefl lifetime. 

A further problem, which usually occurs during steam reforming at very high temperatures as in the solid oxide fuel 
45 cell, is cracking of hydrocarbons, which leads to severe carbon deposition on the reforming catalyst or cell anode 

We have now observed that carbonaceous feed gas is reformed internally within a solid oxide fuel cell without the 
above problems, if the activity for reactions (4) and (5) of the steam reforming catalyst or foe cell anode is reduced by 
partial poisoning the catalytic material with sulphur. 

Based on this observation, the invention provides an improved mefood of producing electrical energy in an internal 
so reforming solid oxide fuel cell comprising catalytic steam reforming carbonaceous feed gas Internal and in heat con- 
ducting relationship with electrochemical reactions in the fuel cell; and 

electrochemically reacting the steam reformed feed gas in an anode compartment of the fuel cell, the improve- 
ment of which consists in adding controlled amounts of a gaseous sulphur containing compound to the carbonaceous 
feed gas to obtain on surfaces of the cell, which are catalytic active in foe steam reforming of the feed gas, a sulphur 
55 coverage of between 0.1 and 0.9 sulphur atoms per catalytic surface atom. 

Through partial sulphur poisoning of the steam reforming catalytic active surface, the erKfothermic reforming reac- 
tions proceed at a lower rate, in particular, at foe inlet portion of the cell having a high sulphur coverage, which results 
in a lower temperature drop in this region and a desirable smooth temperature profile in the cell. 

Furthermore, the sulphur compound in the feed gas blocks partially foe catalytic surface, which means that 
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adsorbed carbon atoms formed at high temperatures by cracking of hydrocarbons in the feed gas cannot be dissolved 
into the catalytic surface, which eliminates carbon formation on the surface. 

Data from the literature (J. Catal. 85, 31 , 1984) show that at high temperatures the reforming activity of nickel, which 
is the usual catalytic active ingredient of the catalytic surface in the cell, decreases at a sulphur coverage of between 
5 0.2 and 0.5 by the power of about 3. whereas the rate of carbon formation decreases by the power of about 6. 

K has further been observed that the presence of sulphur in an amount of up to 69 pom H^S in a pure hydrogen 
fuel gas has no significant impact on the electrode activity of the cell (B.G. Ong, D.M. Mason, Fuel Cell Seminar, Tus 
con, USA, 1986). 

It is, thus, possible to control the reforming rate internally of a soDd oodde fuel cell, by adding small amounts of sui- 
ts phur compounds to the feed gas. whereby excessive cooling of the cell in the inlet part due to high reforming rates is 
avoided. 

The catalytic surface may comprise any of the metals known to be active in the steam reforming of hydrocarbons 
and to have affinity to sulphur. Preferred metals are nickel, ruthenium, gold, platinum or mixtures thereof, which are the 
usual catalytic active ingredients of the anode in a solid oodde fuel cell or of steam reforming catalysts. 

75 As mentioned above, an advantage of the solid oxide fuel cell is the possibility to perform the steam reforming reac- 
tions directly on the anode without a specific reforming catalyst in the cell. 

When using controlled amounts of sulphur compounds in the feed gas, the reforming rate on the interna! reforming 
anode will be most reduced at the inlet of the anode, because of a low partial pressure of hydrogen in this region. As 
sulphur compound can be used H 2 S or any compound that is converted to r-feS in the hydrogen containing fuel gas. 

20 The above features and advantages of the invention will further be illustrated by means of computation models, 
showing the sulphur coverage profile on the nickel containing anode of a solid oxide fuel cell at different contents of sul- 
phur in the feed gas together with the rate of the steam reforming reactions thereby obtained. 



Example 

In a first calculated experiment the relative steam reforming reaction rate on a nickel surface in a conventional fixed 
bed containing nickel catalyst was calculated at different sulphur coverage rate on the nickel surface. 

Sulphur coverage (G 6 ) was determined by simulated hydrogen sulphide addition to a hydrocarbon containing feed 
gas to obtain a 



ss between 0 and 50 ppm. 

By use of the known formula 



40 



6 a = 1.45-9.53 • lO-^CK)^.!?* lO'^CK) -In ^2 



the sufehur coverage on the nickel surface was calculated as summarized in Table 1 below. The relative steam reform- 
ing rate (r) in the hydrocarbon feed gas at different sulphur coverages was calculated at an inlet temperature T of 
1273°K by use of fh e formula 

r-r 0 (1-e,) 3 



wherein r 0 is the steam reforming reaction rate at a zero sulphur concentration in the feed gas. 

The relative steam reforming reaction rate at sulphur concentration of between 0 and 50 ppm H2S/H2 are surrtma- 
50 rized in Table 1. 
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Table 1 



s 


PH 2 S / PH 3 ( PP m) 


6a 


r/r D 




0 . 


0 


1.000 


10 


0.1 


0.4731 


0.1462 




0.5 


0.5585 


0.0861 


15 


1 


0.5983 


0.0667 




2 


0.6321 


0.0498 


20 


3 


0.6536 


0.0416 




5 


0.6807 


0.0326 




10 


0.7175 


0.0225 


25 


50 


0.8030 


0.0076 



As apparent from Table 1 , small amounts of sulphur, which have, as mentioned before no adverse effect on the 
electrochemical reactions in the fuel ceO anode chamber, caused a considerable decrease of the steam reforming activ- 
ity. 

In a second experiment the temperature profile within an internal reforming solid oxide fuel cell was calculated on 
35 an inlet fuel gas having a composition of 

12V0f%H2 
28vor%CH 4 
4vol% C0 2 
40 56 vot% HgO 

The temperature profile calculated at a relative axial distance from 0 to 1 within an internal reforming chamber of a 
sofid oxide foet cell withoiitac^ 1 of 

the drawing. 

4s As seen from Fig. 1 , the cell temperature drops abruptly from an inlet temperature of 1 0OO'C to about 700 9 C in the 
Net region after introduction of the sulphur free fuel gas and flien inclines smoothly to 1 000°C towards the anode outlet 
region. 

When introducing the sulprw^xjntaining fuel gas, only a slight temperature decrease from an inlet temperature of 
1 OOO'C to a minimum temperature of approx 950°C is calculated tor the sufehur containing fuel gas due to a decreased 
so reforming activity of the catalytic surfece. 

Claims 

1 . In a process for producing electrical energy in an internal reforming high temperature fuel cell, comprising steam 
55 reforming of a carbonaceous feed gas in the presence of a steam reforming catalyst in heat conducting relationship 
with electrochemical reactions in the fuel cell; and 

electrochemical^ reacting the steam reformed feed gas in an anode compartment of the fuel cell, the 
improvement consists in adding a gaseous sulphur containing compound to the carbonaceous feed gas in an 
amount sufficient to obtain a sulphur coverage (e) on the steam reforming catalyst of between 0. 1 to 0.9. 
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2. The process of claim 1 , wherein the high temperature fuel cell is a solid oxide fuel cell. 

3. The process of claim 1 , wherein the steam reforming catalyst is arranged in indirect heat contact with the electro- 
chemical reactions in the anode compartment of the fuel cell. 

4. The process of daim 1 , wherein the steam reforming catalyst is arranged directly in the anode compartment of the 
fuel cell. 

5. The process of claim 1 , wherein the steam reforming catalyst comprises nickel as its active catalytic ingredient 
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